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ABSTRACT 

The  objective  of  this  task  was  to  determine  the  relative  merit  and  economy  of 
various  types  of  external  protective  coverings  for  underground  metal,  cold  pipes  in 
the  highly  corrosive  soil  at  the  Naval  Ordnance  Test  Station,  China  Lake, 
California. 

A  highly  corrosive  area  of  the  station  was  selected  as  a  test  site.  A  network 
of  a  number  of  test  pipes  with  different  commercial  protective  coverings  was  connec¬ 
ted  to  an  existing  cold  water  line  and  tested  for  49  months.  Included  in  the  test  as 
control  were  bare  pipes  of  gajvcrvzcd  steel,  black  steel.-  and  copper.  Visual 
inspections  through  test  holes  were  made  periodically  to  determine  the  progress  of 
corrosion.  At  the  end  of  the  test,  all  pipes  were  removed  and  brought  to  NCEl  for 
close  examination. 

Final  results  showed  no  corrosion  on  galvanized  steel  pipe  that  was 
factory-wrapped  with  resin-impregnated  glass  cloth.  This  covering  is  very  difficult 
to  damage  and  imposes  no  special  handling  or  installation  requirements.  Black  steel 
pipe  that  was  wrapped  with  black  polyvinylchloride  plastic  tape  was  in  excell?nt 
condition.  Extreme  care  was  necessary  during  installation  to  prevent  cuts  or  nicks 
in  the  tape.  The  black  steel  pipes  protected  by  bituminous  coating,  cured  gilsonite, 
and  uncured  gilsonite  had  deteriorated  badly. 


Qualified  requesters  moy  obtain  copies  of  this  report  from  DDG. 
The  Laboratory  invites  comment  on  this  report,  particularly  on  the 
results  obtained  by  those  who  have  applied  the  information. 
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INTRODUCTION 


The  desert  soil  at  the  Naval  Ordnance  Test  Station,  China  Lake,  California, 
a  heavy  concentration  of  minerals  in  some  areas,  particularly  the  dry  lake  beds, 
causing  serious  corrosion  problems  for  underground  pipes.  In  these  areas  of  the 
station,  metal  pipes  have  had  very  short  lives.  For  example,  an  uncoated  cost-iron 
water  pipe  failed  after  about  3  years  of  service.  In  another  case,  a  2-inch  standard- 
weight  black  steel  pipe,  asphalt-coated  and  wrapped,  failed  in  approximately  1  year. 
Because  of  the  failure  of  these  and  other  piping  systems  and  the  trend  toward  expansion 
of  facilities  in  highly  corrosive  areas,  an  investigation  was  undertaken  to  determine 
the  most  suitable  method  of  protecting  cold  water  pipes  against  the  corrosive  elements 
of  this  soil. 

The  task  objective  was  pursued  by  connecting  underground  test  pipes  to  an 
existing  cold  warer  line  in  a  corrosive  area  and  observing  the  progress  of  corrosion 
by  periodic  visual  Inspection.  Results  of  these  inspections  have  been  published. 

After  49  months  of  tests,  the  pipes  were  removed  and  given  a  thorough  and  final 
inspection.  The  task  is  complete  with  this  final  report. 

DESCRIPTIONS 
Test  Installation 

The  initial  test  installation  wac  made  in  June  1958.  At  that  time,  six  60-foot 
lengths  of  2-inch  test  pipe  were  laid  in  parallel  trenches  3  feet  deep  and  spaced 
4  feet  apart.  The  pipes  .  o  joined  by  a  10-inch  asbestos-cement  pipe  header  at 
each  end,  and  the  entire  network  veas  connected  to  an  existing  10-inch  asbestos- 
cement  pipe  that  corried  cold  wafer.  The  network  included  one  60-foot  length, 
made  of  20-foot  sections  of  galvanized  steel,  black  steel,  and  copper,  connected 


Technical  Note  N-373,  Evaluation  of  internal  Corrosion  Protection  Methods 
for  Cold  Pipes  in  a  Desert  Soil,  by  K.  B.  Edwards,  1  June  1959.  Technical 
Note  N-404,  Evaluation  of  External  Ca'fosion  Protection  Methods  for  Buried 
Cold  Fipesat  China  Lake,  Californio,  by  ri.  R.  Joerding,  1  March  1961. 
Ibid,  N-441,  25  June  1962. 


together  by  dieiectric  couplings  and  four  60-foot  lengths  of  black  steel  pipe  protected 
by  a  bituminous  coating,  a  black  plastic  tape,  uncured  gilsonite,  and  cured  gilsonite, 
respectively.  The  sixth  length  was  galvanized  steel  and  protected  by  a  polyester- 
resin-impregnared  glass  cloth  wrap.  It  was  purchased  from  Tempioc,  Incorporated, 
Baldwin  Park,  California. 

As  the  test  progressed,  there  was  concern  that  the  length  with  the  20-foot 
cordons  miaht  not  aive  reliable  test  data  because  the  length  of  each  pipe  was 
shortened  to  1/3  of" full  's.  ath,  and  because  of  the  Hose  proximity  of  dissimilar 
metals  in  soil  of  high  elec.  -inductivity.  As  a  result,  three  additional  60-foot 
lengths  of  pipe  were  installed  in  July  1960,  with  one  length  each  of  galvanized 
steel,  black  steel,  and  copper  pipe,  making  a  total  of  nine  60-foot  lengths  ,n  the 
test.  The  complete  network  is  shown  schematically  in  Figure  1  and  described  as 
follows: 

Pipe  No.  1.  Galvanized  steel  pipe:  Type  1,  standard-weight.  The 
hot-dipped  zinc-coated  pipe  conforms  to  Federal  Specification  WW-P-4C6b. 

Pipe  No.  2.  Black  steel  pipe:  Type  1,  standard-weight.  Conforms  to 
Federal  Specification  \VW-P-406b. 

Pipe  No.  3.  Copper  pipe:  Type  K,  straight  drawn  tube.  Conforms  to 
WW_T_700« 

Pipe  No.  4.  Galvanized  steel  -  black  steel  -  copper  pipe.  Each  length 
conformed  to  thTweights  and  specifications  for  the  corresponding  type  above.  The 
dielectric  couplings  used  between  each  length  had  a  metallic  cover  with  a  threaded 
dielectric  insert. 

Pipe  No.  5.  Black  steel  pipe  coated  with  bituminous  coating.  The  black 
steel  waTthe  same  as  Pipe  No.  2.  The  coating  consisted  of  one  coat  of  coal-tar 
primer,  covered  by  a  coat  of  coal-tar  enameL  Application  of  the  coahng  was 
according  to  Specification  34Yc  for  Type  1  protective  system  and  was  purchased 
under  AAi'-P-15l47. 


*  This  company  is  no  longer  in  business,  but  the  Durant  Insulated  Pipe  Company, 
325  Demefer  Street,  East  Palo  Alto,  California,  makes  a  similar  product. 
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Pipe  No.  6.  Black  steel  pipe  wrapped  with  plastic  tape.  The  black  steel  was 
the  same  as  Pipe  No.  2.  The  tape  was  3  inches  wide,  10  mils  thick,  and  made  of 
polyvinylchloride.  The  adhesive  used  on  the  tape  was  a  rubber-base  cement.  It  was 
spirally  wrapped  with  a  1/2-inch  overlap.  (The  tape  did  not  necessarily  conform  to 
any  military  specification.) 

Pipe  No.  7.  Galvanized  steel  pipe  factory-wrapped  with  resin-impregnated 
glass  cloth.  The  galvanized  steel  was  the  same  as  Pipe  No.  1.  The  doth  was 
3  inches  wide  and  about  40  mils  thick.  It  was  spirally  wrapped  with  a  l/2-inch 
overlap  at  the  factory.  The  glass  cloth  conforms  to  Mil-C-19663  and  the  resin  to 
Mil-R-7575B,  Grade  A,  Class  O. 

Pipe  No.  8.  Biack  steel  pipe  with  uncured  gilsonite.  The  black  steel  v/as 
the  same  as  Pipe  No.  2.  The  gilsonite,  an  asphaltic  resinous  material  in  granular 
form,  surrounded  the  pipe  and  extended  radially  5  inches;  no  heat  was  applied  to 
the  pipe  to  melt  and  consolidate  the  gilsonite  into  a  coating. 

Pipe  No.  9.  Biack  steel  pipe  with  cured  gilsonite.  The  black  steel  was  the 
same  as  Pipe  No.  2.  The  gilsonite,  an  asphaltic  resinous  material  in  granular  form, 
surrounded  the  steel  pipe  and  extended  radially  5  inches.  To  melt  this  material  and 
consolidate  it  around  the  pipe,  the  pipe  was  heated  for  72  hours  at  250  F  as 
recommended  by  the  supplier. 

Inspection  Procedure 

The  pipes  were  inspected  periodically  during  the  test  through-three  test  holes 
at  each  pipe.  On  each  inspection,  a  set  of  new  holes  was  dug  so  the  condition  of 
the  pipes  could  be  determined  in  soil  rot  recently  disturbed.  The  amount  of  rust 
and  corrosion  was  observed  and  recorded;  representative  areas  were  photographed. 
There  were  five  inspections;  the  first  two  at  approximately  12-month  intervals  and 
the  last  three  at  6-month  intervals.  The  intervals  were  shortened  as  the  test 
progressed  because  the  rate  of  corrosion  appeared  to  be  accelerating. 

In  July  1962  the  pipes  were  removed  from  the  test  and  brought  to  NCEL. 

After  a  visual  inspection  of  their  general  overall  condition,  they  were  thoroughly 
cleaned  of  rust  and  dirt  by  wire  brushing  so  that  micrometer  measurements  could 
be  taken  to  determine  the  loss  of  metal  from  corrosion. 

Determination  of  Metal  Loss 

Rough  and  uneven  exterior  surfaces  on  the  pipe  made  it  difficult  to  measure 
loss  of  metal;  therefore,  a  statistical  method  was  developed  to  obtain  this  information. 
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At  3-foot  intervals  on  each  pipe,  one  micrometer  measurement  of  the  outside 
diameter  was  made,  at  a  random  location  on  the  circumference.  These  measurements 
were  checked  against  the  original  specifications  of  the  pipe  diameters,  and  the 
percentage  of  loss  was  calculated  (Appendix  A).  Then  each  pipe  was  cut  lengthwise, 
and  the  thickness  of  the  wall  was  measured  at  se/eral  places  where  extreme  corrosion 
was  evidenr.  From  this  data  the  maximum  percentage  of  loss  in  wall  thickness  was 
determined  (Appendix  A).  The  calculations  for  each  pipe  are  summarized  in  Table  I. 

Soil  Conditions 

The  corrosive  character  of  the  soil  was  determined  by  analyzing  soil  and  ground 
water,  and  by  measuring  the  ground-water  level.  Samples  of  soil  and  of  ground  water 
were  taken  from  test  holes  at  each  periodic  inspection  and  analyzed.  These  analyses 
are  tabulated  in  Appendix  B.  Both  soil  and  water  were  slightly  alkaline  and  had  a 
high  concentration  of  dissolved  solids,  particularly  chlorides,  sulfates,  and  sodium. 
The  results  of  pH  determinations  showed  a  variation  from  7.8  to  9.4  for  soil,  and 
from  7.4  to  8.2  for  ground  water.  The  alkalinity  of  the  ground  water  was  produced 
by  the  presence  of  bicarbonates.  The  pH  along  with  the  chlorinity  of  the  ground 
water  showed  it  to  be  about  equivalent  to  ocean  water  in  corrosivity.  The  chlorinity 
of  the  ground  water  varied  from  9000  to  38,000  ppm  (parts  per  million);  ocean  water 
hes  a  chlorinity  of  19,000  ppm. 

A  thermocouple  tree  was  located  near  the  center  of  the  test  site  to  obtain 
temperatures  of  the  air  at  ground  level,  and  of  the  ground  and  ground  water.  Seven 
thermocouples  were  spaced  at  9-inch  intervals  from  1  inch  above  ground  level  to 
53  inches  below  the  surface.  Temperature  curves  from  6  April  1962  to  17  July  1962 
(Figure  2)  show  that  ground-water  temperature  was  usually  about  5  F  below  that  of 
the  ground.  When  this  difference  was  noted  between  adjacent  thermocouples,  it 
was  assumed  that  the  ground-water  level  was  between  them.  Figure  3  shows  curves 
of  the  approximate  level  of  the  ground  water  for  the  same  period.  This  level  varied 
from  21  to  47  inches  below  the  soil  surface;  thus  the  pipes  were  submerged  much  of 
the  time. 


RESULTS  -  -  c  - 

Each  length  of  pipe  is  described  as  it  appeared  at  the  final  inspection  at 
NOTS: 

Pipe  No.  1.  Galvanized  steel  pipe:  exposed  24  months.  There  was  very 
little  evidence  of  the  zinc  coating.  Medium  rust  with  tight  scale  covered  80%  of 
the  surface  (Figure  4). 
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Pipe  No.  2.  Black  steel  pipe:  exposed  24  months.  There  was  medium  to 
heavy  rust  with  tight  scale  and  pitting  over  the  entire  surface  (Figure  5).  Some  of 
the  pits  penetrated  over  50%  through  the  wall.  The  surrounding  soil  was  discolored 
by  the  rust. 

Pipe  No.  3.  Copper  pipe:  exposed  24  months.  The  pipe  was  covered  with 
a  white  powder  that  could  be  brushed  off,  leaving  the  surface  clean  like  a  mill 
finish  although  there  were  small  marks,  like  those  of  a  ball  peen,  over  the  entire 
surface.  The  surrounding  soil  was  discolored  dark  green. 

Pipe  No.  4.  Galvanized  steel  —  black  steel  •-  copper  pipe:  exposed 
49  months. 

a.  Galvanized  steel  pipe:  nearly  all  of  the  zinc  coating  was  gone  and  the 
remaining  portions  could  be  easily  removed  by  rubbing.  The  pipe  had  blackened, 
but  there  was  very  little  rust  and  only  5%  loss  of  metal. 

b.  Black  steel  pipe:  there  was  light  to  medium  rust  with  loose  scale  over 
the  entire  surface.  No  deep  pitting  was  observed. 

c.  Copper  pipe:  this  pipe  was  clean  and  uncorroded  although  there  were 
small  marks,  like  those  of  a  ball  peen,  over  the  entire  surface. 

Pipe  No.  5.  Black  steel  pipe  v/ith  bituminous  coating:  exposed  49  months. 
Only  about  50%  of  the  pipe  was  still  coated  at  the  end  of  the  test.  The  bitumin 
that  came  off  seemed  to  disperse  into  the  earth,  discoloring  the  surrounding  soil. 

The  coating  that  remained  on  the  pipe  apparently  did  not  offer  much  protection 
as  there  was  medium  rust  with  loose  scale  and  pitting  over  the  entire  surface. 

Some  of  the  pits  penetrated  over  40%  through  the  wall. 

Pipe  No.  6.  Black  steel  pipe  wrapped  with  plastic  tape:  exposed  49  months. 
In  general,  the  tape  was  intact,  in  good  condition,  and  gave  excellent  protection. 
The  only  corrosion  occurred  where  the  tape  had  been  nicked  by  shovels  when  the 
inspection  holes  were  dug  (Figure  6);  however,  at  these  places  the  pits  penetrated 
over  40%  through  the  wall. 

Pipe  No.  7.  Galvanized  steel  pipe  wrapped  with  resin-impregnated  glass 
cloth:  exposed  49  months.  This  pipe  was  in  excellent  condition.  There  was  no 
sign  of  rust  nor  deterioration  of  the  zinc  coating  (Figure  7).  The  glass  cloth  was 
also  in  excellent  condition  with  no  evidence  of  deterioration  (Figure  8). 
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Pipe  No.  8.  Black  steel  pipe  with  uncured  gilsonite:  exposed  49  months. 
Medium  to  heavy  rust,  tight  scale,  end  deep  pits  covered  the  pipe.  The  gilsonite 
did  not  deteriorate,  but  it  apparently  permitted  gradual  seepage  of  the  corrosive 
soil  elements.  It  offered  good  protection  for  the  first  24  months  of  the  test. 
However,  when  rusting  began,  it  progressed  very  fast.  Many  deep  pits  penetrated 
the  wall  as  deep  as  85%  (Figure  9). 

Pipe  No.  9.  Black  steel  pipe  with  cured  gilsonite:  exposed  49  months.  The 
gilsonite  consolidated  well  and  did  not  deteriorate,  but  it  permitted  overall  light  to 
medium  rust  with  loose  scale  and  pitting  that  penetrated  as  much  as  84%  into  the 
wall  (Figure  10). 

The  plastic  tape  and  glass  cloth  provided  the  most  protection,  and  gilsonite, 
cured  and  uncured,  provided  the  least.  However,  uncured  gilsonite  gave  good 
protection  for  the  first  2  years.  It  is  interesting  to  note  that  the  individual  pipes 
Nos.  2  and  3,  suffered  more  metal  loss  than  their  coupled  counterparts  4b  and  4c 
despite  the  fact  that  the  former  were  in  the  ground  about  half  as  long. 


Current  prices  (1963)  of  the  pipes  and  protective  coverings  (Table  II)  are 
f.o.  b.  the  vendor  end  do  not  include  any  costs  for  joints  or  connections.  The 
rental  cost  of  a  steam  generator  for  curing  the  gilsonite  is  also  not  included. 

For  the  test,  a  steam  generator  was  used  for  2  days  at  a  cost  of  $100  per  day. 
Because  the  zinc  plating  was  unaffected,  it  is  unnecessary  to  use  galvanized  pipe 
when  the  glass  cloth  is  applied.  Black  steel  pipe  would  lower  the  cost. 


CONCLUSIONS 

1.  Resin-impregnated  glass  cloth  was  the  most  satisfactory  covering  tested  in  this 
environment.  There  was  no  rust  or  discoloration  of  the  zinc  plating  or  the  steel 
pipe  itself;  there  was  no  evidence  of  deterioration  of  the  covering;  and  no  special 
handling  was  required  because  the  covering  is  hard  and  not  easily  damag'. 

2.  Plastic  tape  was  also  satisfactory  where  carefully  installed.  It  was  rust-free 
except  where  the  tape  had  been  damaged  by  shovels.  There  was  no  evidence  of 
deterioration  of  the  tape;  however,  the  tape  is  soft,  easily  cut  or  damaged,  and 
special  care  is  required  to  prevent  nicks  or  cuts  during  installation.  Even  a 
sharp  rock  in  the  backfill  could  cause  damage, 

3.  The  other  three  coatings  (cured  and  uncured  gilsonite  and  bitumin)  permitted 
extensive  rusting  and  are  not  satisfactory  for  use  in  this  type  of  soil. 
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Table  II.  Costs  of  2-Inch  Pipes  and  Coverings  (1963) 


Pipe 

Cost  of  Pipe^ 
($) 

Covering 

Cost  of 
Covering  1/ 
($) 

Galvanized  Steel 

0.55 

none 

— 

Black  Steel 

0.45 

none 

— 

Copper 

1.20 

none 

— 

Black  Steel 

0.45 

bituminous 

coating 

0.45 

Black  Steel 

0.45 

plastic  tape 

0.45 

Galvanized  Steel 

0.55 

glass  cloth 

0.87 

Black  Steel 

0.45 

uncured 

gilsonite 

2.45 

Black  Steel 

0.45 

_ 

cured 

gilsonite 

2.45 

i/per  foot  of  pipe 


water 


V 


Figure  8.  Resin -impregnated  glass  cloth  wrapping  on  a  galvanized  steel 
pipe;  no  signs  of  deterioration  after  49  months  exposure. 


Figure  9.  Black  steei  pipe  coated  with  uncured  giisor.ite;  100%  coverage 
of  medium  to  heavy  rust  with  tight  scale  and  deep  pits  (see 
arrow). 
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Appendix  A 

CALCULATIONS  OF  LOSS  OF  METAL  ANu  WALL  THICKNESS 

by 

W.  Wilcoxscr. 


The  statistics  of  importance  to  thir  investigation  an?  the  quantity  of  metal 
lost,  per  unit  length,  due  to  external  corrosion,  and  the  degree  of  pitting  due  to 
external  co;rosion.  Let 

L  =  length  of  pipe 

Rq,  Fq  =  original  mean  outer  and  inner  radii,  respectively 

R^,  r^  =  mean  outer  and  inner  radii  after  time  t,  respectively 

Then  an  estimate  of  the  percent  of  metal  lost  per  unit  length  after  a  time  t  due  to 
external  corrosion  is 


r2trL(R  -  R  h 

10°  |_ - 


m,  = 


?«TL(R  -  r  ) 
_ o  o 


100  (Rq  -  Rt) 


R  -  7 
o  o 


To  determine  the  degree  of  pitting,  let 


T  =  R  -7 
o  c  o 


=  original  mean  wall  thickness 
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T  =  minimum  wall  thickness  after  time  t  (an  average  from  several  places 
showing  extreme  external  pitting  and  corrosion). 

The  average  loss  in  wall  thickness,  i.,  due  to  internal  corrosion  and  erosion  is 


l.  =  r.  -  r 
i  t  o 


T 
'  -1-  -  ■ 


Therefore,  the  maximum  percentage  loss  in  wall  thickness  due  to  pitting,  p^,  after 
a  time  t  due  to  external  corrosion  is 


100  (T  -  T  +  I) 

o  t  i 
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An  estimate  of  the  95%  confidence  limits*  on  m  are 
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An  estimate  of  the  limits  on  p^  are 


*  On  the  average  one  out  of  twenty  samples  would  be  expected  to  exceed  these 
limits. 
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T'ne  manufacture! ‘s  tolerance  on  the  origins!  thickness  0.0Q7;  ^  0,00 

According  to  standard  shop  practice,  the  tolerance  on  the  or.ginai  radn  are 


AT  =  0.005/2  =  0.0025 
o 

AR  =  0.005/2  =  0.0025 
o 


AR  is  the  standard  error  of  the  mean,  Rf,  and  ATf  is  the  standard  error  of  the  mean, 
T  *  They  are  estimated  by 
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Where  n  is  the  rumber  of  measurements  on  the  radius  and  k  is  the  number  of 
measurements  on  the  thickness.  Rfj  and  T^j  are  the  measurements.  Rj.  and  Tf  are 
the  mean  values  of  those  measurements;  i.e. , 
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Since  the  measurements  were  made  on  the  pipe  diameter,  D,  it  can  be  shown  that 
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